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(57) ABSTRACT 

Methods and apparatuses for deriving an approximate Dop 
pler for a satellite positioning system (SPS) receiver from an 
approximate location Which is obtained from a cellular 
communication system information source. In one embodi 
ment, an approximate location of the SPS receiver is derived 
from the information source and this approximation location 
is used to determine approximate Dopplers to a plurality of 
SPS satellites at a given time. The approximate Dopplers are 
then used to reduce processing time in either determining 
pseudoranges to the SPS satellites or acquiring signals from 
the SPS satellites. In another aspect of the invention, a 
reference signal is used to provide a local oscillator signal 
Which is used to acquire SPS signals in an SPS receiver. This 
reference signal is extracted from a data signal modulated on 
a carrier frequency. The data signal on the carrier frequency 
is transmitted from, in one example, a Wireless cell site 
Which is communicating With the SPS receiver Which has a 
cellular based communication receiver. 
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GPS RECEIVER UTILIZING A COMMUNICATION 
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RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 08/759,523, ?led on Dec. 4, 1996 
by Norman F. Krasner and a continuation-in-part of US. 
patent application Ser. No. 08/612,582, ?led on Mar. 8, 1996 
by Norman F. Krasner. 

[0002] This application is also related to and hereby 
claims the bene?t of the ?ling date of a provisional patent 
application by the same inventor, Norman F. Krasner, Which 
application is entitled LoW PoWer, Sensitive Pseudorange 
Measurement Apparatus and Method for Global Positioning 
Satellites Systems, Ser. No. 60/005,318, ?led Oct. 9, 1995. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] The present invention relates to receivers capable 
of determining position information of satellites and, in 
particular, relates to such receivers Which ?nd application in 
satellite positioning systems (SPS) such as the US. global 
positioning satellite (GPS) systems. 

[0005] 2. Background Art 

[0006] GPS receivers normally determine their position by 
computing relative times of arrival of signals transmitted 
simultaneously from a multiplicity of GPS (or NAVSTAR) 
satellites. These satellites transmit, as part of their message, 
both satellite positioning data as Well as data on clock 
timing, so-called “ephemeris” data. The process of searching 
for and acquiring GPS signals, reading the ephemeris data 
for a multiplicity of satellites and computing the location of 
the receiver from this data is time consuming, often requir 
ing several minutes. In many cases, this lengthy processing 
time is unacceptable and, furthermore, greatly limits battery 
life in micro-miniaturiZed portable applications. 

[0007] Another limitation of current GPS receivers is that 
their operation is limited to situations in Which multiple 
satellites are clearly in vieW, Without obstructions, and 
Where a good quality antenna is properly positioned to 
receive such signals. As such, they normally are unusable in 
portable, body mounted applications; in areas Where there is 
signi?cant foliage or building blockage; and in in-building 
applications. 
[0008] There are tWo principal functions of GPS receiving 
systems: (1) computation of the pseudoranges to the various 
GPS satellites, and (2) computation of the position of the 
receiving platform using these pseudoranges and satellite 
timing and ephemeris data. The pseudoranges are simply the 
time delays measured betWeen the received signal from each 
satellite and a local clock. The satellite ephemeris and timing 
data is extracted from the GPS signal once it is acquired and 
tracked. As stated above, collecting this information nor 
mally takes a relatively long time (30 seconds to several 
minutes) and must be accomplished With a good received 
signal level in order to achieve loW error rates. 

[0009] Virtually all knoWn GPS receivers utiliZe correla 
tion methods to compute pseudoranges. These correlation 
methods are performed in real time, often With hardWare 
correlators. GPS signals contain high rate repetitive signals 
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called pseudorandom (PN) sequences. The codes available 
for civilian applications are called C/A codes, and have a 
binary phase-reversal rate, or “chipping” rate, of 1.023 MHZ 
and a repetition period of 1023 chips for a code period of 1 
msec. The code sequences belong to a family knoWn as Gold 
codes. Each GPS satellite broadcasts a signal With a unique 
Gold code. 

[0010] For a signal received from a given GPS satellite, 
folloWing a doWnconversion process to baseband, a corre 
lation receiver multiplies the received signal by a stored 
replica of the appropriate Gold code contained Within its 
local memory, and then integrates, or loWpass ?lters, the 
product in order to obtain an indication of the presence of the 
signal. This process is termed a “correlation” operation. By 
sequentially adjusting the relative timing of this stored 
replica relative to the received signal, and observing the 
correlation output, the receiver can determine the time delay 
betWeen the received signal and a local clock. The initial 
determination of the presence of such an output is termed 
“acquisition.” Once acquisition occurs, the process enters 
the “tracking” phase in Which the timing of the local 
reference is adjusted in small amounts in order to maintain 
a high correlation output. The correlation output during the 
tracking phase may be vieWed as the GPS signal With the 
pseudorandom code removed, or, in common terminology, 
“despread.” This signal is narroW band, With bandWidth 
commensurate With a 50 bit per second binary phase shift 
keyed data signal Which is superimposed on the GPS Wave 
form. 

[0011] The correlation acquisition process is very time 
consuming, especially if received signals are Weak. To 
improve acquisition time, many GPS receivers utiliZe a 
multiplicity of correlators (up to 12 typically) Which alloWs 
a parallel search for correlation peaks. 

[0012] Another approach to improve acquisition time is 
described in US. Pat. No. 4,445,118, referred to as the 
“Taylor patent.” This approach uses the transmission of 
Doppler information from a control basestation to a remote 
GPS receiver unit in order to aid in GPS signal acquisition. 
While this approach does improve acquisition time, the 
Doppler information is transmitted from a basestation to a 
mobile GPS receiver by a point to point transmission 
system, and there is no indication of hoW this Doppler 
information is obtained. 

[0013] An approach for improving the accuracy of the 
position determination by a remote GPS receiver unit is also 
described in the Taylor patent. In the Taylor patent, a stable 
frequency reference is transmitted to a remote GPS receiver 
unit from a basestation in order to eliminate a source of error 
due to a poor quality local oscillator at the remote GPS 
receiver unit. This method uses a special frequency shift 
keyed (FSK) signal that must be situated in frequency very 
close to the GPS signal frequency. As shoWn in FIG. 4 of the 
Taylor patent, the special FSK signal is about 20 MHZ beloW 
the 1575 MHZ GPS signal Which is also received by the 
receiver in order to demodulate the GPS satellite signals 
from the GPS satellites so as to eXtract satellite position data 
Moreover, the approach described in the Taylor patent uses 
a common mode rejection mechanism in Which any error in 
the local oscillator (shoWn as L0. 52) of the receiver Will 
appear in both the GPS channel and the reference channel 
and hence be canceled out. There is no attempt to detect or 
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measure this error. This approach is sometimes referred to as 
a homodyne operation. While this approach provides some 
advantages, it requires that the tWo channels be closely 
matched, including closely matched in frequency. Moreover, 
this approach requires that both frequencies remain ?xed, so 
frequency hopping or frequency tuning (channeliZation) 
techniques are not compatible With this approach. 

SUMMARY OF THE INVENTION 

[0014] In one aspect of the present invention, a method is 
described for reducing processing time due to Doppler error 
in a satellite positioning system (SPS) receiver having a cell 
based communication receiver. The method includes deter 
mining an approximate location of the SPS receiver from a 
cell based information source. This approximate location is 
determined by using at least one of a location of a cellular 
service area Which includes a cell site Which is capable of 
communicating With the cell based communication receiver 
or a location of the cell site itself. The method further 
includes determining an approximate Doppler for at least 
one SPS satellite relative to the SPS receiver, Where the 
approximate Doppler is based upon the approximate loca 
tion. This approximate Doppler is used in the SPS receiver 
to reduce processing time in either determining at least one 
pseudorange to the at least one SPS satellite, or in acquiring 
signals from the at least one SPS satellite. 

[0015] An exemplary embodiment of this method is a 
cellular telephone Which includes a GPS receiver. The 
cellular telephone operates by communicating With cell 
sites, each of Which are connected to a cellular sWitching 
center. A database, Which represents a cellular based infor 
mation source, may be maintained at the cellular sWitching 
center or at the cell site or at a remote processing station, 
Which may be termed a “server,” may be used to determine 
an approximate location of the cellular telephone based upon 
the cell site (or cellular service area) With Which the cellular 
telephone is communicating. This approximate location may 
then be used to derive an approximate Doppler relative to the 
various SPS satellites Which are transmitting SPS signals to 
the GPS receiver in the cellular telephone. This approximate 
Doppler is then transmitted in one embodiment from the cell 
site to the cellular telephone, and is then used in the GPS 
receiver in order to reduce processing time due to Doppler 
induced effects in the GPS receiver. 

[0016] A further embodiment of this aspect of the present 
invention is a data processing station Which includes a 
processor and a storage device coupled to the processor, and 
a transceiver coupled to the processor. The transceiver is for 
coupling the data processing station to a Wireless cell site. 
The storage device contains information specifying at least 
one approximate Doppler at a given time for an approximate 
location Which is determined by at least one of a location of 
a cellular service area Which includes the Wireless cell site 
or a location of the Wireless cell site itself. The transceiver 
receives a site information Which determines the approxi 
mate location, and the processor determines an approximate 
Doppler for at least one SPS satellite Which is in vieW of said 
approximate location. The approximate Doppler is based 
upon the approximate location. The transceiver sends this 
approximate Doppler to the Wireless cell site Which then 
transmits the approximate Doppler to a cell based commu 
nication receiver Which is coupled to an SPS receiver. 

[0017] Another aspect of the present invention relates to a 
method for providing a local oscillator signal in a mobile 
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satellite positioning system receiver. The method includes 
receiving a signal having a carrier frequency and a data 
signal modulated on the carrier frequency, extracting a 
reference signal from the data signal modulated on the 
carrier frequency, and using the reference signal to provide 
a local oscillator signal to acquire SPS signals from SPS 
satellites. 

[0018] Another embodiment according to this aspect of 
the present invention, is a combined SPS receiver and 
communication system. The communication system 
includes an acquisition and tracking circuitry Which is 
coupled to an antenna to receive the communication signals. 
This acquisition and tracking circuitry acquires and tracks 
the data signal Which is modulated onto a carrier frequency 
and provides a reference signal from the data signal modu 
lated on the carrier frequency. The reference signal is then 
provided to a phaselock loop or to a frequency synthesiZer 
in order to generate a local oscillator signal Which is used to 
acquire SPS signals in the SPS receiver. 

[0019] In another aspect of the present invention, a 
method for determining a position of an SPS receiver having 
a Wireless cell based transmitter is described. This method 
includes determining an approximate location of the SPS 
receiver from a cell based information source. The approxi 
mate location is determined by at least one of a location of 
a cellular service area Which includes a Wireless cell site 
Which is capable of communicating With the cell based 
transmitter or a location of the Wireless cell site. The SPS 
receiver receives a source of SPS signals and determines a 
plurality of pseudorange data and transmits this plurality of 
pseudorange data to the Wireless cell site. Then a position of 
the SPS receiver is computed by using the SPS signals, the 
plurality of pseudoranges and the approximate location. In 
this method, the approximate location is used to facilitate 
convergence of the position calculation. 

[0020] In another aspect of the present invention, a 
method for providing Doppler information to an SPS 
receiver is described. In this method, a plurality of approxi 
mate Doppler data from an approximate location is deter 
mined. This approximate location is based upon at least one 
of a location of a Wireless cell site or a location of a cellular 
service area Which includes the Wireless cell site. The 
plurality of approximate Doppler data is for a corresponding 
plurality of satellites. The method further includes broad 
casting the plurality of approximate Doppler data from a 
Wireless cell transmitter of the Wireless cell site to a plurality 
of SPS receivers in a cell serviced by the Wireless cell site. 
Typically, at least in one embodiment, the cell site Would 
then receive a plurality of pseudoranges and Would forWard 
these pseudoranges to a remote processing station in Which 
the position of the SPS receiver is computed using the SPS 
signals and the pseudoranges. 

[0021] In yet another aspect of the present invention, a 
method for providing satellite information to an SPS 
receiver is described. This method includes determining an 
approximate location from a cellular based information 
source and determining a plurality of satellite ephemeris 
data for a corresponding plurality of satellites Which are in 
vieW of the approximate location. The method further 
includes transmitting the plurality of satellite ephemeris data 
from a Wireless cellular transmitter of the Wireless cell site 
to an SPS receiver in a cell serviced by the Wireless cell site. 
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[0022] In yet another aspect of the present invention the 
approximate location, Which is derived from a cell based 
information source, is used to select a particular set of 
differential GPS correction data. 

[0023] Various embodiments of apparatuses Which can 
perform the various methods described above are also 
described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The present invention is illustrated by Way of 
example and not limitation in the ?gures of the accompa 
nying draWings in Which like references indicate similar 
elements. 

[0025] FIG. 1 illustrates a cellular communication system 
having a plurality of cells each of Which is serviced by a cell 
site, and each of Which is coupled to a cellular sWitching 
center. 

[0026] FIG. 2 represents a generalized ?oWchart accord 
ing to one embodiment of the present invention. 

[0027] FIG. 3A shoWs a ?oWchart illustrating one par 
ticular implementation of the present invention in Which 
cellular based information is used to obtain approximate 
Doppler information. 

[0028] FIG. 3B is a ?oWchart shoWing another particular 
implementation of the present invention in Which cellular 
based information is used to derive approximate Doppler 
information. 

[0029] FIG. 3C is a ?oWchart shoWing another particular 
implementation of the present invention Wherein the mobile 
receiver extracts the approximate location from the cellular 
communication signal. 

[0030] FIG. 4A shoWs another ?oWchart of another par 
ticular implementation of the present invention in Which a 
cellular based information source is used to derive approxi 
mate Doppler information. 

[0031] FIG. 4B illustrates another implementation 
according to the present invention in Which a cellular based 
information source is used to derive approximate Doppler 
information. 

[0032] FIG. 5 shoWs an exemplary representation of a 
cellular based information source Which provides an asso 
ciation betWeen sets of Doppler information at given times 
relative to cellular service areas and/or cellular cell sites. 

[0033] FIG. 6 illustrates an implementation of a basesta 
tion system according to one embodiment of the present 
invention. 

[0034] FIG. 7A illustrates an example of a combined SPS 
receiver and communication system according to one 
embodiment of the present invention. 

[0035] FIG. 7B illustrates another embodiment of an SPS 
receiver With an integrated communication system accord 
ing to one embodiment of the present invention. 

[0036] FIG. 8 is a ?oWchart shoWing a method of broad 
casting approximate Doppler information according to one 
embodiment of the present invention. 

[0037] FIG. 9 is a ?oWchart illustrating a method accord 
ing to one embodiment of the present invention in Which a 
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plurality of satellite ephemeris data Which is appropriate for 
a particular cellular location, is transmitted from a Wireless 
cellular transmitter site. 

[0038] FIG. 10A shoWs an example of a combined com 
munication receiver and SPS receiver in Which a data signal 
Which is modulated on a carrier frequency of a communi 
cation signal is used to provide a reference signal Which in 
turn is used to provide a local oscillator signal Which is used 
to acquire SPS signals in the SPS receiver. 

[0039] FIG. 10B shoWs another embodiment of the 
present invention in Which data signals modulated on a 
communication signal are used to derive a local oscillator 
signal Which is used to acquire SPS signals in an SPS 
receiver. 

[0040] FIG. 11A illustrates a generaliZed method of the 
present invention in Which a reference signal is extracted 
from a data signal that is modulated on a carrier frequency 
of a communication signal in order to provide a local 
oscillator signal to acquire SPS signals. 

[0041] FIG. 11B shoWs a particular implementation of the 
method shoWn in FIG. 11A. 

DETAILED DESCRIPTION 

[0042] The present invention primarily relates to appara 
tuses and methods for computing the position of a mobile 
object by using a communication link. In one embodiment, 
this communication link is used to determine an approxi 
mate Doppler to thereby reduce processing time due to 
Doppler induced error in a satellite positioning system (SPS) 
receiver. In another embodiment, the communication link is 
used to provide a data signal from Which a reference signal 
is extracted. This reference signal is used to provide a local 
oscillator signal in the SPS receiver to acquire SPS signals. 

[0043] One aspect of the present invention relates to a 
cellular based communication system Which includes a 
cellular based information source that is used to provide 
approximate Doppler information in response to the deter 
mination of approximate location. FIG. 1 shoWs an example 
of a cellular based communication system 10 Which includes 
a plurality of cell sites, each of Which is designed to service 
a particular geographical region or location. Examples of 
such cellular based communication systems are Well knoWn 
in the art. See, for example, US. Pat. No. 5,519,760 Which 
describes a cellular netWork-based location system. The 
cellular based communication system 10 includes tWo cells 
12 and 14 both of Which are de?ned to be Within a cellular 
service area 11. In addition, the system 10 includes cells 18 
and 20. It Will be appreciated that a plurality of other cells 
With corresponding cell sites and/or cellular service areas 
may also be included in the system 10 and coupled to one or 
more cellular sWitching centers, such as the cellular sWitch 
ing center 24 and cellular sWitching center 24b. 

[0044] Within each cell, such as cell 12, there is a Wireless 
cell or cellular site such as cell site 13 Which includes an 
antenna 13a Which is designed to communicate through a 
Wireless communication medium With a communication 
receiver Which may be a combined mobile GPS receiver and 
communication system such as the receiver 16 shoWn in 
FIG. 1. An example of such a combined system is shoWn in 
FIG. 7A and may include both a GPS antenna 377 and a 
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communication system antenna 379. It Will be appreciated 
that alternative embodiments may employ a single antenna 
or more than tWo antennas. 

[0045] Each cell site is coupled to a cellular sWitching 
center. In FIG. 1, cell sites 13, 15, and 19 are coupled to 
sWitching center 24 through connections 13b, 15b and 19b 
respectively and cell site 21 is coupled to a different sWitch 
ing center 24b through connection 21b. These connections 
are typically Wire line connections betWeen the respective 
cell site and the cellular sWitching centers 24 and 24b. Each 
cell site includes an antenna for communicating With com 
munication systems serviced by the cell site. It Will be 
appreciated that a communication system Within one cell, 
such as the receiver 22 shoWn in cell 4, may in fact 
communicate With the cell site 19 in cell 18 due to blockage 
(or other reasons Why cell site 21 cannot communicate With 
the receiver 22). 

[0046] In a typical embodiment of the present invention, 
the mobile GPS receiver 16 includes a cellular based com 
munication system Which is integrated With the GPS 
receiver, such that both the GPS receiver and the commu 
nication system are enclosed in the same housing. One 
example of this is a cellular telephone having an integrated 
GPS receiver Which shares common circuitry With the 
cellular based telephone transceiver, such as that shoWn in 
FIG. 7B. When this combined system is used for cellular 
telephone communications, transmissions occur betWeen the 
receiver 16 and the cell site 13. Transmissions from the 
receiver 16 to the cell site 13 are then propagated over the 
connection 13b to the cellular sWitching center 24 and then 
to either another cellular telephone in a cell serviced by the 
cellular sWitching center 24, or through a connection 30 
(typically Wired) to another telephone through the land 
based telephone system/netWork 28. It Will be appreciated 
that the term Wired includes ?ber-optic and other non 
Wireless connections such as copper cabling, etc. Transmis 
sions from the other telephone Which is communicating With 
the receiver 16 are conveyed from the cellular sWitching 
center 24 through the connection 13b and the cell site 13 
back to the receiver 16 in the conventional manner. 

[0047] The remote data processing system 26 (Which may 
be referred to in some embodiments as a GPS server) is 
included in the system 10 and is used When, in some 
embodiments, a mobile GPS receiver Within a particular cell 
is used to determine the position of the receiver using GPS 
signals received by the GPS receiver. The GPS server 26 
may be coupled to the land based telephone system/netWork 
28 through a connection 27 and it may also be optionally 
coupled to the cellular sWitching center 24 through the 
connection 25 and also optionally coupled to center 24b 
through the connection 25b. It Will be appreciated that 
connections 25 and 27 are typically Wired connections 
although they may be Wireless. Also shoWn as an optional 
component of the system 10 is a query terminal 29 Which 
may consist of another computer system Which is coupled 
through the netWork 28 to the GPS server. This query 
terminal 29 may send a request for the position of a 
particular GPS receiver in one of the cells to the GPS server 
26 Which then initiates a conversation With a particular GPS 
receiver through the cellular sWitching center in order to 
determine the position of the GPS receiver and report that 
position back to the query terminal 29. 
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[0048] It should be noted that a cellular based communi 
cation system is a communication system Which has more 
than one transmitter, each of Which serves a different geo 
graphical area, Which is prede?ned at any instant in time. 
Typically, each transmitter is a Wireless transmitter Which 
serves a cell Which has a geographical radius of less than 20 
miles, although the area covered depends on the particular 
cellular system. There are numerous types of cellular com 
munication systems, such as cellular telephones, PCS (per 
sonal communication system), SMR (specialized mobile 
radio), one Way and tWo-Way pager systems, RAM, ARDIS, 
and Wireless packet data systems. Typically the prede?ned 
different geographical areas are referred to as cells and a 
plurality of cells are grouped together into a cellular service 
area such as the cellular service area 11 shoWn in FIG. 1 and 
these plurality of cells are coupled to one or more cellular 
sWitching centers Which provide connections to land based 
telephone systems and/or netWorks. Service areas are often 
used for billing purposes. Hence, it may be the case that cells 
in more than one service area are connected to one sWitching 
center. For example, in FIG. 1, cells 1 and 2 are in service 
area 11, and cell 3 is in service area 18, but all three are 
connected to sWitching center 24. Alternatively it is some 
times the case that cells Within one service area are con 

nected to different sWitching centers, especially in dense 
population areas. In general, a service area is de?ned as a 
collection of cells Within close geographical proximity to 
one another. Another class of cellular systems that ?ts the 
above description is satellite based, Wherein the cellular 
basestations are satellites that typically orbit the earth. In 
these systems, the cell sectors and service areas move as a 
function of time. Examples of such systems include Iridium, 
Globalstar, Orbcomm and Odyssey. 

[0049] FIG. 2 shoWs a generaliZed example of the present 
invention in Which approximate Doppler information is 
derived from approximate position information from a cel 
lular based information source. The method begins in step 
40 in Which an approximate position of the cell site (and 
consequently objects Within the cell serviced by the cell site) 
is determined from a cellular based information source. 
Alternatively, the approximate position may represent a 
position Within the cellular service area Which includes the 
cell site. In step 42, approximate Dopplers to a plurality of 
satellites in vieW of the approximate position is determined. 
Then in step 44, the approximate Dopplers are used in a 
mobile SPS receiver in order to reduce processing time due 
to Doppler induced effects in determining the position of the 
SPS receiver. The approximate Dopplers are typically used 
to determine pseudoranges or may be used to acquire SPS 
signals from in vieW satellites. An example of the use of 
approximate Doppler is described in co-pending US. patent 
application Ser. No. 08/612,669, ?led Mar. 8, 1996, now 
US. Pat. No. , Which is hereby incorporated herein 
by reference. The use of Doppler information in a mobile 
SPS receiver to reduce processing time due to Doppler 
induced error and to also reduce error in determining the 
position of the SPS receiver is also described in co-pending 
US. patent application Ser. No. 08/759,523, Which Was ?led 
Dec. 4, 1996, and Which is hereby incorporated herein by 
reference. It is noted that for most of those embodiments 
Where the mobile SPS receiver transmits a pseudorange to a 
server (for the position calculation to be completed by the 
server), the Doppler is transmitted to the SPS receiver (or 
used in the SPS receiver) and used in the SPS receiver 






















